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SUMMARY Staircase was studied in frog ventricle strip preparations where it was possible to alter extracellular ionic composition extremely rapidly in the diastolic interval between beats. Several findings strongly indicate that staircase in this tissue is a result of progressively increasing calcium influx per beat, rather than a beat-by-beat augmentation of an intracellular calcium pool which contributes to activation. After a steady state of force development, the very next beat could be graded, from approximately zero force to the steady state value attained during the staircase progression, by grading the calcium concentration of a new Ringer's solution switched to perfuse the muscle in the diastolic period immediately before that beat. Also, action potentials, elicited during the "quiescent" period in the virtual absence of contraction (in 0.025 mm calcium Ringer's solution), markedly increase force development and accelerate the staircase seen upon return to normal Ringer's solution. Staircase is augmented and accelerated by prior exposure of the muscle, during the quiescent period, to calciumpoor media and markedly suppressed by prior exposure to sodium-poor media. Tetrodotoxin, in a dose that markedly slows the action potential upstroke, has no effect on staircase. Finally, staircase is seen to occur during a train of depolarizations (by voltage clamp) to inside positive levels greater than the equilibrium potential for sodium. It is concluded that changes in intracellular sodium concentration will alter the staircase response and may contribute to its genesis, but that this cannot be the sole cause of staircase.
STAIRCASE and the frequency-force relationship of myocardium have been attributed variously to modifications in the pattern of calcium uptake and release by the sarcoplasmic reticulum 1 " 3 and of calcium entry and extrusion through the sarcolemma." Hajdu 5 has suggested that the Bowditch 6 staircase (also called "potentiation" 7 or "PIEA" 8 ) takes its origin from sarcolemmal function, and Woodworth 9 staircase ("restitution" 7 or "NIEA" 8 ) from the sarcoplasmic reticulum. Several observations of the contractile behavior of frog ventricular muscle, in particular the effects of rapid alterations in extracellular calcium concentration 10 ' " and the inotropic effect of caffeine, 12 are most easily understood as indicating that mechanical activation in this tissue is primarily mediated by transsarcolemmal calcium movements. Niedergerke et al. 13 have recently summarized other items of experimental support for this view, as well as results indicating the presence of a mechanism which "acts in the cell interior, involving a calcium-dependent process of an as yet unknown nature." 13 The present study of staircase in frog ventricle strips describes experiments which use a technique 10 ' " for rapid alteration of the ionic composition of the extracellular fluid. The results presented below further underscore the extracellular origin of activator calcium in this tissue and provide information as to the possible ionic nature of intracellular processes modulating activation.
Methods
Strips of frog ventricle, 0.8-1.0 mm thick and about 5 mm long, were cut close to and parallel to the atrioventricular groove. Each strip was drawn through a closely fitting hole in a rubber partition, which was then made slightly smaller to hold the muscle firmly. A short segment extended forward from the rubber partition, to be attached, by a nylon snare and glass tube, to an RCA 5734 mechanoelectric transducer.
A vigorous jet of Ringer's solution was played directly on the short segment, spreading slightly the fascicles making up its spongy structure. By switching different perfusing media, rapid changes could be brought about in the extracellular ionic composition of the short segment. As a rough measure of the rapidity and extent of access of the new Ringer's solution to the short segment's extracellular fluid, the increase in contractile force for the beat immediately following an increase in Ringer's calcium concentration (0.2-0.7 mM) was taken, as a fraction of the increase in contraction attained in the steady state. During such a test of access, the muscle was stimulated at a rate of 6/minute, so that the short segment had been exposed to the new Ringer's medium for slightly under 8 seconds at the time of the next contraction. This measure of the rapidity with which the ionic composition of the extracellular fluid could be altered was greater than 0.5 in all muscles used in these experiments and was of the order of 0.75 in the great majority of preparations. The long segment, extending backward from the rubber partition, was also perfused rapidly by a Ringer's solution whose composition could be chosen independently of that perfusing the short segment. The fluid surrounding both segments (i.e., the "bath volume") was exchanged more than 20 times each second. The experimental technique has been described previously in detail. 11 The composition of the Ringer's medium was (in mM): sodium chloride, 110; sodium bicarbonate, 2.4; potassium chloride, 2.5; calcium chloride, 0.7; dextrose, 6. A mixture of 99% O 2 , 1% CO 2 was gassed through the medium and this gave a pH of 7.2. Sodium chloride in sodium-poor Ringer's media was replaced isosmotically by lithium chloride, choline chloride or sucrose. No osmotic corrections were made for calcium-poor Ringer's media. Temperature of the perfusing Ringer's solution (room temperature) did not vary by more than 0.5 °C during any experiment and ranged between 26.5°C and 28°C in different experiments. The muscles were stimulated by chlorided silver electrodes located in the pools of Ringer's solution on either side of the insulating rubber partition. Stimulus current requirement, for 5-msec pulses, was of the order of 5-10 /tA. In some experiments transmembrane potentials were recorded, push-pull, using glass KCl-filled microelectrodes. In these experiments (results shown in Figs. 7, 8, and 9) the composition of the Ringer's solution perfusing both the short and the long segments was simultaneously changed, to avoid "buffering" of alterations in transmembrane potential time course in the short segment by electrotonic interaction with the long segment. 14 In one experimental se-quence (results shown in Fig. 12 ), depolarizations were induced by voltage clamp pulses, with feedback control of transmembrane potential. The procedure followed was that described in reference 11, except that the fast inward current in the long segment was suppressed by tetrodotoxin (10~8 g/ml) rather than by sodium-poor Ringer's solution.
Results

Characteristics of Staircase
Contractile force, developed by the first beat following a stimulus-free pause, was regularly reduced and the reduction was more profound the longer the duration of the pause (Fig. 1 , lefthand plot): to 56% of the steady state value after a 30second period of quiescence; to 36% after 6 minutes. Still more striking is the alteration in the beat-bybeat progression of contraction (righthand plot) which increases rapidly after the brief pause, but climbs much more slowly to the same steady state value after a prolonged period of interrupted stimulation. These two aspects of staircase have strikingly different characteristics. Although the strength of the first resumed beat does not change very much as the pause duration is lengthened from 1 to 6 minutes, the rapidity of the beat-by-beat progression to the steady state is profoundly slowed. Also, the rapidity of that progression at any moment does not depend only on the degree of force attained. For example, from the moment when force development has reached 25 mg, subsequent progression from the same contractile strength varies enormously in rate for the 30-second, 1-minute, 2minute, and 3-minute curves.
This pattern was consistently observed and the result shown in Figure 1 is a representative one, although the magnitude of the staircase effect, either as the loss of contractile force on resumption Behavior of contractile force (lefthand plot) and staircase (righthand plot) after pauses of varying durations, started in each case after a steady state had been attained. Steady state value for each run in the righthand plot is given in parentheses, following the indicated value for pause duration. Stimulation frequency 24/minute. of beating or as the slowed attainment of the steady state value, varied greatly from one muscle to another. The effect was very slight in a few preparations but was always perceptible. A variety of maneuvers were without any impressive effect on these characteristics of staircase, including alterations in muscle length, slowing the flow of the perfusing Ringer's jet, and varying the frequency of contraction. Changes in the ionic composition of the Ringer's solution during the pause had large effects, and these were examined in some detail and are presented below.
Instantaneous Dependence of Staircase's Inotropic Effect on Extracellular Composition
Although the positive inotropic effect due to staircase accumulates over a sequence of many beats, the strength of this augmented beat is sensitively and instantaneously dependent on the extracellular calcium concentration, as can be seen in Figure 2 . Contractile force, which attains a reproducible steady state value after a period of regular stimulation, is reduced by some 20% on the first beat following a very brief (20-second) interruption of stimulation. If, however, the muscle is exposed to calcium-poor Ringer's solution during the 20 seconds of quiescence and beyond, 94% of the contractile force is lost. The plots in Figure 3 , for two preparations, show in addition that the progressively augmented force due to staircase can be almost abolished in calcium-poor Ringer's solution and can also be graded, almost instantly, as a function of calcium concentration present in the extracellular space.
Distinction between Excitation and Contraction as Mediators of Staircase
The inotropic state of the muscle developed during staircase is profoundly and rapidly dependent on the extracellular calcium concentration. This characteristic is more suggestive of a steadily increasing calcium influx per beat during staircase than it is of a progressive beat-by-beat augmentation of some intracellular calcium pool which contributes to mechanical activation. Thus the action Dependence of contractile force, after full development of staircase, on the new calcium concentration instituted immediately before the beat for which these data were obtained. Results from two frog ventricle strips are shown for the experimental procedure illustrated in Figure 2 .
potential rather than the contraction itself might have some consequence which advances the staircase process. An attempt was therefore made to see whether a train of action potentials, without contractions or with profoundly reduced ones, might bring about the staircase inotropic effect.
However, exposure of the muscle, during the pause, to calcium-poor Ringer's solution has in itself profound effects on the subsequent staircase in normal Ringer's. In Figure 4 , it can be seen that application of 0.025 mM Ca 2+ Ringer's solution during a 5-minute period of quiescence speeds up enormously the beat-by-beat progression to the same steady state. Rapidity of washout of the calciumpoor Ringer's by the control Ringer's at the start of stimulation is clearly not a factor here, as the result is opposite to that expected if extracellular calcium concentration had remained low for some portion of the period of staircase progression. The effect of calcium-poor Ringer's solution itself need not be large, however, and it can be markedly reduced, if not abolished, by shortening the duration of exposure. In the experiment shown in Figure 5 , a frog ventricular strip was exposed to the calcium-poor Ringer's only during the last 30 seconds of a 10minute quiescent period. Although a slightly increased rapidity of staircase progression over that of the control is evident, this does not compare to the profound speeding-up of staircase when the muscle was, in addition, excited 30 times during the exposure to calcium-poor Ringer's solution. A more detailed presentation of the results of a similar experiment can be seen in Figure 6 .
Action Potential Time Course during Staircase
Action potential configuration during the staircase progression changed consistently in the man- 6 Detailed plot of data from an experiment similar to that shown in Figure 5 . Curves, from below up, show staircase: in normal Ringer's solution after a 10-minute pause; following exposure to calcium-poor medium, applied during the last 30 seconds; following four stimulated action potentials in the calcium-poor Ringer's solution, applied during the last 30 seconds; following 60 stimulated action potentials in the calciumpoor Ringer's solution, during the last 30 seconds of quiescence.
ner shown in Figure 7 . This consisted of a depression of the early portion of the plateau (for about 200-300 msec) by 5-10 mV, concomitantly with the increase in force development, and a slight prolongation, by 80-120 msec, of the overall action potential duration. If, instead of recommencing beating after a period of quiescence, the frequency of beat abruptly increases (from 1.5/min to 24/min), en- tirely similar changes in the action potential time course are seen. For comparison, the effects on action potential time course of changes in Ringer's calcium concentration are shown ( Fig. 8 ). For the same inotropic effect as that produced by staircase, the effects of calcium changes on the action potential are opposite in all respects and of approximately the same order of magnitude, whether the frequency of beat is relatively rapid, as in Figure 8 , or as slow as 1.5/minute. Increasing extracellular calcium concentration from the control level (0.7 mM) to a level sufficient to produce a greater degree of mechanical activation than was seen in these experiments (cf. ref. 11), changes the action potential time course in a manner similar to that caused by lowering the extracellular calcium concentration (Fig. 9 ). This portion of the complex dependence of action potential configuration on extracellular calcium concentration was described by Ware. 15 Thus the action potential plateau is not raised (i.e., made more inside positive) during staircase but is in fact lowered. The correlation between calcium influx and inside positivity during the action potential, when extracellular calcium concentration is altered, also is not simply attributable to charge transfer, as the varying effects on plateau level in differing ranges of extracellular calcium concentration indicate.
Sodium and Staircase
Profound slowing of the staircase progression is brought about by replacing 90% of the Ringer's sodium with lithium or choline during a portion of the quiescent period, as shown in Figure 10 , where it can also be seen that the same degree of isosmotic sodium replacement by sucrose is without effect on, or very slightly speeds up, the subsequent staircase. The contractures to be expected with this degree of extracellular sodium reduction are evident and ap- proximately equal in strength in the three low-sodium Ringer's media. Blocking, at least in part, the rapid sodium entry with excitation was found not to alter the quantitative character of staircase in five muscles. In Figure 11 A, the marked (over 20-fold) slowing of the action potential upstroke in tetrodotoxin, 5 X 10~9 g/ml, can be seen in the near absence of any gross changes in action potential time course. The NORMAL RINGER FIGURE 10 Effect on subsequent staircase development of exposure, during a portion of the preceding pause, to sodium-poor (10%) Ringer's solution. Top trace: control (half of steady state contractile force attained in fourth beat). Second trace: sodium chloride isosmotically replaced by sucrose (half of steady state in third beat). Third trace: sodium replaced by lithium (half of steady state in 10th beat). Bottom trace: sodium replaced by choline (half of steady state in 30th beat). Beat frequency, 30/minute. The first minute of staircase is shown in each case, followed, after periods of slowed chart speed, by portions of the trace 3 minutes, 5 minutes, 7 minutes, etc., after the onset of electrical stimulation. Steady state values for contractile force development are given to the right of each trace. VOL. 43, No. 6, DECEMBER 1978 staircase behavior of the muscle during exposure to the tetrodotoxin is indistinguishable from bracketing control determinations in normal Ringer's solution ( Fig. 11B ). Attempts to abolish completely the fast upstroke were made, but contractile force in the steady state was much decreased by the amounts of tetrodotoxin required. Since the muscle became no longer all-or-none, when it could be stimulated at all, it was thought that impaired conduction and resulting problems of recruitment, rather than effects on individual cells, were involved here.
The possibility remains that sodium accumulation in the fibers might occur via a slow, tetrodotoxin-insensitive channel. Contractions, after a 3-minute period of quiescence, therefore were elicited by a train of depolarizations to highly inside y ' \ 5 I0" 9 g/ml •' TTX RINGER / \V-NORMAL RINGER positive potentials (voltage clamp). Depolarizations to a level more positive than the equilibrium potential for sodium are associated with a beat-by-beat progression of contractile force (and rate of force development) characteristic of staircase ( Fig. 12,  upper two traces) . The degree of staircase is less for clamps to the approximate value of EN 8 (+36 mV) and still less for clamps to an inside negative (-27 mV) potential (Fig. 12, plotted curves, below) . Thus sodium entry and accumulation is clearly not the sole cause of staircase and is probably a subsidiary one.
Discussion
The inotropic effect conferred by staircase is profoundly and rapidly sensitive to alterations in extracellular calcium concentration. Graded values of developed force were obtained in the first beat during application of calcium-poor Ringer's solution by grading the reduction in Ringer's calcium concentration ( Fig. 3) . This finding provides further support for the predominantly extracellular origin of activator calcium in frog ventricular muscle and suggests that staircase involves a monotonically increasing calcium influx per beat. The ability to grade the strength of a beat almost instantly, as a function of a rapidly altered extracellular calcium concentration, makes it unlikely that the calcium entering the fiber is a small "trigger" amount (see ref. 12 for more discussion of this point).
In addition, staircase following several minutes of quiescence is profoundly altered by ionic modifications of the Ringer's solution occurring only during the quiescent period. Prior reduction in Ringer's calcium concentration increases the rapidity of the subsequent beat-by-beat progression of contractile force (Fig. 4) . Isosmotic replacement of Ringer's sodium by lithium or choline has the opposite effect (Fig. 10) . These results argue against the possibility that some activation-related intracellular store is depleted of calcium during the quiescent period and progressively replenished with resumption of beating. Since reduction of extracellular calcium concentration should, if anything, reduce intracellular calcium content, force development during the subsequent staircase should, according to this proposed mechanism, be either reduced or unchanged, but not increased. Since a reduction of extracellular sodium concentration reduces calcium efflux in mammalian atrium 16 ' 17 as well as squid axon 18 and barnacle muscle fibers, 19 subsequent force development might, through the same mechanism, be expected to be increased, but not decreased.
That staircase in this tissue does not involve progressive replenishment of some intracellular calcium store is still more strongly indicated by the finding that the progression of the inotropic effect is more closely correlated with a succession of excitations than it is with contractions per se (Figs. 5 and 6). The induction of four action potentials during a brief (30-second) exposure to calcium-poor Ringer's solution increases slightly the strength of the first beat, on continuing stimulation in normal Ringer's solution and dramatically speeds the beatby-beat progression of the ensuing staircase. The effect of 60 action potentials on the subsequent staircase is still greater (Fig. 6 ). Thus staircase in frog ventricular muscle is a result of the loss, during quiescence, of some relatively long-lasting consequence of membrane excitation, and its gradual return on resuming stimulation. In addition, this long-lasting inotropic effect appears to involve an increase in calcium entry during depolarization.
The plateau height of the transmembrane action potential was found consistently to fall progressively to less inside positive values, with the resumption of stimulation after a period of rest ( Fig.  7) , or on increasing the frequency of stimulation. In addition, the temporal correlation between changes in action potential time course and those in contractile force is quite poor. An increase in extracellular calcium concentration also increases calcium influx per beat, and this maneuver does raise progressively the action potential plateau (Fig. 8 ). This correlation of extracellular calcium concentration with plateau height also holds at a very low beat frequency, in confirmation of earlier observations of Niedergerke and Orkand. 20 Plateau height, however, is not a monotonic function of extracellular calcium concentration, having a maximal value somewhere in the range between 0.7 and 1.8 mM calcium (Fig. 9 ). Thus the observations presented here are also in accord with those of Ware, 15 who reports that the plateau is lowered on raising Ringer's calcium concentration from 1 to 3 mM. Furthermore, a new steady state of the action potential configuration is attained many beats before that of contractile force (Hirsch and Kavaler, unpublished observations), as in the case of staircase. Whatever may prove to be the complex interactions of factors determining membrane conductances (cf. ref. 21) , it is clear that the action potential plateau is an unreliable monitor of calcium influx.
These experiments provide some insight, however incomplete, into the cellular mechanism by which staircase enhances calcium influx per beat. If the demonstrated effect of extracellular sodium concentration in cardiac muscle 16 ' 17 is also reciprocal, as in squid axon, 22 lowering extracellular calcium concentration during the quiescent period would be expected to increase intracellular sodium concentration. This, in turn, might increase subsequent depolarization-induced calcium influx. This was originally suggested by Baker et al. 22 as a possible explanation of the inotropic effect of digitalis glycosides, based on carrier-mediated sodium-calcium counterflow. That the balance of active sodium extrusion and passive sodium entry might govern the degree of competition by extracellular sodium with calcium influx, in some small neighborhood of the outer surface of the fiber membrane, was suggested by Shelburne et al. 23 as a mechanism for the decrease in contractile force following quiescence and its return on resuming stimulationthe "sodium-pump lag" hypothesis for staircase. That the important variable is intracellular, rather than extracellular, sodium concentration is indicated by the calcium maneuvers, and still more strongly by the result (Fig. 10 ) that prior replacement of Ringer's sodium by lithium, but not by sucrose, markedly reduces force development and profoundly slows beat-by-beat progression of staircase. Lithium, which can enter the fiber, would thus be expected to replace some of the intracellular sodium, in contrast to sucrose. The possibility has not been ruled out that the lower chloride concentration of the sodium-poor sucrose Ringer's may, in itself, leave residual ionic changes related to staircase. It is, in any case, unlikely that these include alterations in intracellular potassium or chloride concentration, since no residual effects on the resting potential or on the action potential duration are evident at the time of resuming stimulation. The reason why choline Ringer's has a still more profound effect than lithium Ringer's is not clear. Possibly, a cholinergic effect of the choline Ringer's (which was not blocked by atropine in these experiments) persisted for a long period after the change back to normal Ringer's solution and the resumption of stimulation. Acetylcholine analogues have a profound negative inotropic effect in frog ventricular muscle that is not due solely to a reduction in VOL. 43, No. 6, DECEMBER 1978 duration of the action potential, 24 and acetylcholine has been shown to depress the calcium current in frog atrial trabeculae. 25 Whether alterations in intracellular sodium concentration act on voltage-dependent calcium influx, 11 ' 26 ' 27 or on the calcium extrusion mechanism, or on both, is not as yet clear.
Alterations in intracellular sodium concentration clearly can modify staircase, but it is not clear that such a mechanism constitutes the cause of staircase. The failure of tetrodotoxin, in a dose which markedly slows the action potential upstroke, to change the staircase progression strongly suggests that "sodium-pump lag" relative to the fast sodium channel is not quantitatively adequate to explain staircase. Does sodium entry via a slow inward current channel make a more significant contribution to such an effect? Because depolarizing clamp pulses (following a period of quiescence, to levels well beyond the equilibrium potential for sodium) elicit a considerable degree of staircase ( Fig. 12) , it is highly probable that intracellular sodium accumulation and depletion cannot be the sole cause of staircase, nor is it likely, from the data shown in Figure 12 , that it makes a major contribution to this phenomenon.
That staircase may have multiple cellular mechanisms is also suggested by the characteristic behavior shown in Figure 1 : that the degree of depression of contractility and the slowing of the subsequent beat-by-beat progression do not go hand-in-hand; that marked slowing in the latter may occur, with increasing periods of quiescence, with little or no decrease in the former. This observation has been reported previously by Chapman and Niedergerke (ref. 28, Fig. 7A ), and it is repeated here to emphasize that the complexity of the activation process, as originally expressed in their model, 28 ' 29 is not in any way diminished, even if specific ionic effects on calcium transport should be identified and documented during staircase. In the case of Figure 1 , it is clear that if the time course of any one ionic concentration (e.g.: intracellular sodium, extracellular potassium) were the sole cause of staircase, then it is not explicable why several curves (1-, 2-, 3-, and 6-minute) should proceed at greatly differing rates from the same level of developed force. It thus is probable that staircase is the result of multiple ionic effects with differing time courses, or, alternatively, that a change in an ionic concentration has effects on the calcium extrusion mechanism whose time course is largely independent of that of the ionic change which initiated them. sodium concentration on calcium fluxes in isolated guinea pig auricles. J Physiol (Lond) 209: 1970 in five baboons while pulmonary capillary hydrostatic pressure was maintained at a normal level. This resulted in fluid retention, weight gain, peripheral edema and ascites, but no pulmonary edema. Thoracic duct lymph flow increased 6-fold and pulmonary lymph flow 7-fold. Thoracic duct lymph had a lower colloid osmotic pressure (2.0 ± 0.7 mm Hg) than plasma (4.7 ± 1.5 nun Hg), whereas the colloid osmotic pressure of pulmonary lymph (4.7 ± 0.7 mm Hg) was the same as that of plasma. The lymphplasma ratio for albumin fell in thoracic duct lymph but remained unchanged in pulmonary lymph. The difference between plasma colloid osmotic pressure and pulmonary artery wedge pressure decreased from 15.3 ± 1.9 to -0.7 ± 2.9 mm Hg. Despite this increase in filtration force, the lungs were protected from edema formation by a decrease of 11 mm Hg in pulmonary interstitial colloid osmotic pressure and a 7-fold increase in lymph flow.
FLUID movement across capillary membranes is governed by a precise balance between hydrostatic and osmotic forces across the capillary wall and by the permeability characteristics of the capillary membrane. The Starling equation 1 describes this balance and is of central importance in the regulation of tissue fluid volume. Increased capillary hydrostatic pressure, decreased plasma colloid osmotic pressure, increased interstitial fluid osmotic pressure, and decreased lymphatic flow all tend to promote edema formation. The systemic lymphatics can compensate for conditions causing increased interstitial fluid by great increases in flow. 2 A similar increase in lymph flow occurs in the lung when microvascular pressure is elevated 3 " 5 and occurs at a lower microvascular pressure when combined with a decreased colloid osmotic pressure. 6 However, reduced colloid osmotic pressure alone rarely causes pulmonary edema despite the fact that marked peripheral edema and ascites may be present. 7 ' 8 To determine the effects of isobaric reduction in plasma colloid osmotic pressure on edema formation, we studies systemic and pulmonary lymphatic flow in baboons.
Methods
Five healthy male baboons {Papio anubis)
weighing 21-28 kg were sedated with phencyclidine hydrochloride (Sernylan, 1 mg/kg). Under local 1% lidocaine anesthesia, catheters were introduced through the femoral vessels and positioned under fluoroscopic control in the descending aorta, right atrium, and pulmonary artery. The pulmonary artery catheter was a 7F flow-directed, balloon-tipped catheter (Edwards Laboratories) which allowed measurement of pulmonary artery wedge pressure.
Additional phencyclidine was given (0.5-1 mg/kg), and the baboons were paralyzed with pancuronium bromide (Pavulon, 0.1 mg/kg). Respiration was controlled using a cuffed endotracheal tube and Harvard volume ventilator delivering room air (12 ml/kg tidal volume). Respiratory rate was adjusted so that arterial PCO2 remained between 30 and 40 mm Hg for 30 minutes and was not changed thereafter.
A supraclavicular incision was made under 1% lidocaine anesthesia. The sternocleidomastoid muscles were divided at their sternal and clavicular origins and the medial two-thirds of each clavicle
